Abstract Pretreatment of paddy straw with 2% sodium hydroxide at 15 psi for 1 h resulted in 83% delignifi cation. The hydrolysis of alkali treated paddy straw with a commercial preparation of cellulase for 2 h at 50°C resulted in release of 65% total reducing sugars. Maximum sugars were released at enzyme loading of 1.5% (v/v) .The fermentation of hydrolysate supplemented with nutrients by S. cerevisiae resulted in the production of 20-30 g L -1
Introduction
Recently the demand of ethanol has increased considerably because of its use as gasohol in addition to other applications in industries which need production of alcohol on large scale 1 . Many efforts have been made in recent years to enhance ethanol production from different sources 2 . Fuel ethanol can become self-sustainable system only with the use of lignocelluloses as the other sources are limiting and costly 3, 4 . Feasibility of lignocellulosic materials for ethanol production has been explored around the world depending upon availability. Lignifi cation, silcifi cation and crystallinity of cellulose are major barriers in the process of conversion of lignocellulosic biomass into ethanol. It is essential to alter or remove structural and compositional impediments to hydrolysis by pretreatment to improve rate of hydrolysis. Hydrolysis of cellulose by acids or cellulase results into monomers. Enzymatic methods have the advantage of being eco-friendly besides applicable under mild conditions of hydrolysis. These methods provide opportunities to develop technology for biomass ethanol production at competitive rate compared to other fuels.
Rice is a major crop grown worldwide with an annual productivity around 800 million metric tones that corresponds with large production of rice straw.
The straw is removed from the fi eld by burning which is a common practice all over the world. The impact of open fi eld burning of paddy straw on air quality has led to legislation, which will help in future to check this practice and will save plant nutrients. In the search for viable alternatives of biofuels, paddy straw has been pursued as suitable lignocellulosic waste for ethanol production in a process involving chemical pretreatment followed by enzymatic hydrolysis.
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Materials and Methods
Paddy straw of Pusa-1 variety was collected from fi elds, dried at 50°+2°C, ground to different mesh size and analyzed for ash content, total nitrogen, cellulose, hemi cellulose and lignin using standard methods 5 . Commercial preparation of cellulase (Palkosoft super 720) was obtained from Maps Ltd. Ahmedabad (Gujrat) and enzyme activity was measured according to standard procedure 6 . Paddy straw was pretreated with 0.5 M sodium hydroxide at 1:10 (solid: liquid) for 1 h at 15 psi and the residue was freed of alkali by washing with water and dried at 50+2°C for subsequent use. Dry alkali treated paddy straw was suspended in citrate buffer (pH 5.0) at 1:10 (solid: liquid) in a conical fl ask of 250ml capacity. The enzyme was added at different concentrations (0.5-2.0%, v/v) and the reaction carried out at 50°+2°C in a shaking water bath for different time intervals (0.5-2.5h). The hydrolysate was centrifuged at 5000 rpm for 15 min and the total reducing sugars were estimated in the supernatant by di-nitrosalicylic acid method. 7 The saccharifi cation value was calculated as: after subculturing at regular time intervals and stored in a refrigerator. The biomass of yeast after growth for 18 h at 30°+2°C in a medium containing 60.0g sucrose, 5.0g yeast extract and 5.0g peptone L -1 was centrifuged at 5000 rpm for 15min and inoculated into the hydrolysate at a conc. of 0.5-1.5% (w/v). The fermentation was carried out in 250 ml conical fl asks containing 100ml hydrolysate supplemented with nitrogen (0.3% ammonium sulphate or urea), phosphorous (0.15% potassium di-hydrogen phosphate) and growth factors (0.5%yeast extract) or yeast nitrogen base (0.67%) or yeast extract (0.5%) and peptone (0.5%). The fl asks were incubated at 30+2°C under stationary conditions and samples were analysed for ethanol content colorimetrically 8 .
Results and Discussion
The paddy straw contained cellulose 35.0%, hemi cellulose 21.0, lignin 6.0, total nitrogen 1.24 and ash 16.0 % on dry weight basis. The enzymatic hydrolysis needs reduction in size of paddy straw to facilitate subsequent heat and mass transfer. The different mesh size paddy straw (0.5-4 mm) were delignifi ed and used for hydrolysis. Increase in size of paddy straw decreased delignifi cation and maximum of 83% delignifi cation occurred at 0.5mm size, which was 50% at 2mm size. Paddy straw above 4mm was poorly delignifi ed under test conditions (Table 1) . Similar trend was also observed for hemicellulose degradation as a result relative concentration of cellulose in the residue increased. Similar observations were made by other workers for sodium hydroxide treatment of other substrates 11 . Alkali treated paddy straw of 0.5mm was fi nally selected for standardization of conditions for enzymatic hydrolysis. The enzyme preparation had an activity of 32 fi lter paper units (FPU)/ml. Loading of enzyme at a conc. of 0.5-2.0% (v/v) resulted in production of 37-65% total reducing sugars ( Table 2 ). Maximum concentration of sugars was obtained at 1.5 % (v/v) suggesting that about 5FPU/g substrate of enzyme was optimum for hydrolysis of cellulose. Maximum sugars were generated at reaction time of 2h and further increase did not have any effect on sugar concentration. Sugar concentration decreased with increase in particle size of paddy straw and maximum was at 0.5mm size ( Table 3) . The results from different workers with a cellulase fraction of Trichoderma sp.(IMB-Tr) and Trichoderma reesei obtained 30% reducing sugars from alkali pretreated paddy straw 12 while Vlasenko et al.(1997) showed the release of 37-46% sugars using 6.7% FPU/g of commercial Trichoderma reesei derived enzyme.
The hydrolysate contained mainly sugars but for effi cient fermentation by yeast nutrients are required. The recovery of ethanol was highest with yeast nitrogen base followed by ammonium sulphate, di-hydrogen phosphate and yeast extract ( Table 4 ). The inorganic nitrogen source proved better among organic and inorganic nitrogen source supplemented to the hydrolysate.
Variable population of yeast in the fermentation was checked. One percent inoculum was optimum for fermentation (30.7 gL -1 ethanol). This shows that the cell number added was suffi cient to produce highest amount of alcohol in 48h at 30+2°C.The variation in fermentation temperature (30-40°C) was checked for alcohol production under lab conditions. The optimum temperature for ethanol fermentation of hydrolysate by the yeast was 30+2°C. The increasing temperature had adverse effect as the alcohol production declined to 33% at 37°C.The results show that the feasibility is poor for fermentation of hydrolysate at a temperature suitable for cellulase activity. However, simultaneous fermentation could be possible with thermotolerent yeast 14 as cellulases are most active at 50°C.
Conclusion
Pretreatment of paddy straw with alkali followed by hydrolysis with commercial cellulase provide a good substrate for ethanol production by S.cerevisiae. This yeast can utilize only hexoses however some pentoses are released also and about 10% sugars in the hydrolysate remain unutilised. Further improvement in ethanol yield can be achieved using co-culture of hexose and pentose-fermenting yeast. * Alkali treated paddy straw was used at 10% concentration and reaction was carried out at 50°C in a shaking water bath. 
